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La nd su rfa c etemp?r atu r e(I-S T)is the m o stimpo rta ntparam ete rto be e stim ated
fro m satellite rem ote s e n s】ngirlthe study of er)ergyand w ate rbudget o nla nd su rfa c es･
T her e ar etw o m ajor diffic ultie s a s s o ciated with satellite estim ates of larld s u rfa c e
te mperatu re :a)the e valuation ofatm o spheric effe cts o nthe mea stlrem en tS丘
.
o m a s ate一lite
ba s ed se ns or;b)the e valuation ofemissivi1y ofthela nd su rfa c e･ The char acteristic s ofland
s u rfac e ar e m u ch m o r e c o mplicated c ompared withthe s e a s u rfa c e･ The emissivity ofla nd
surfac es v arie s with landu s etype, with v egetatio n c o v er and its structu re;il m ay be-
stlbsta ntiallylo w ertha n on e, m ay vary str o ngly 丘o m o n epoint to a n other, a nd m ayha v e
large spe ctrala nd angula r v ariatio n. Cons equ e ntly, thela nd s urfa c etemper atu reitselfm ay
v a ry stro ngly ov er s mal dista n c e s, within aplX el, le ading to difFIC ult a v erage pr o c edu r e
a ndto s om epr oble m sin thede血itio n of LS T itself･
T he split- windo w m ethod, by u sing of alin e ar c omb inatio n ofthe radiorhetrid
tempe rature sin cha n n el 4(11ドm)a nd cha nTle1 5(1 2ドm)ofthe A VⅥR R, o rthe si mi la r
ther mal in丘･a r ed.ba nds of
the Geostatio nary s atellite data, ha s
pbeen fu ny studiedin the
e stim atio nofse asurfa c ete mper atu re(SS T)･ Si mi lar simple algorithm w a s als otried in the
e stim ation of la nd s u rfa c ete mpe ratu r e(LS T)(Be cke r a nd Li, 19 90)･ T he ta sk beco mes
did-1c ult be c a use w e still ha v eles skn o wledge o nthe v ariatio n of the la nd su rfa c e
e m lSivilie s.
T he n ew E R S- A TS R(Alo ng.Track Sc aming Radio meler)data c o nsist of llum
and 1 2pzTlthe r mal IR ba nds(as w el一asba nds atl･6 and 3･7 pm) and nadir a nd fo r w a rd
(- 54
o
)m e a su re m e nts, at n e arlythe sa m etim e, wh坤 do uble stheinfor matio n a s c o mpa r ed
with A VTI R R･ T he vie w geo m etryfortheiTlfrar edr adio 7rlet rOf 瓜
､S R is sho w nin Figu r e
l･ On ear e a alo ngthe sa tellite tr a ck, withres olutio n abo ut1 km fo rn adir a nd alittlelarger
fo rfo r wa rd, is view ed twic e du ring about tw o min ute s･ Assu m lng the atm o spher eis
ho riz o ntallystratified a ndstablein this sho rtperiod, the atm ospheric co rre ctio nshouldbe
mo r e a c c u ratelydete rTnin edtha nby pr evio u s methods･ So m e atlthorshav etriedlo pr om ote
a n ope r ational s che m ein the estim atio n of land su rfa c ete mperatu r es v ery re ce ntly(e･g.
Sob 血o etal
,
1996)･
on e s et of AT S R data has be e n us ed fo rthe algo rithm study o nderivi ng Su rfa c e
tem per atu r efor aheter oge n e o u sare ain No rthw e st C hina･ where the Heihe Riv erBa sin
Field Experirn e nt on La nd Surfac e
- Atm o sphericlntera clio n(H EIFE, 1990-1993)ha sbee n
carried o ut･ T he e xperim e nt r egio nis m ainly alarge ar e a of Gobiand sa nd desert with
v a rio u s s c ale s of oa sis dispe rs ed alo ng the riv er a nd im gatio n c a n alsI Surfac e data
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colle cted du ringthe H EIFEintensiv e observations, as w ella spre vio us studie sby u sing of
L andsat T M and N O A A ÅV H R Ra re u s ed for the inte r c o rnparison･ To e valu ate the
atm osphe ric effectincluding atm o spheric t r ansmis sibility and slantpath radiation at the
satel一ite altitude and both ofthe IR chan nels of ÅrS R, the M od Tr a nr adiativ et r ansfer
m odel ba gbe en operaled･
T he ory& Dotlble- AnglerDouble･ C han Jl el Techniqt) e
Radianc em e a sured onbo ard ofthe s atellite, B(Tie), aS nor m aly expre ss ed,
B(Ti e)= g^ oB入(T5 九o＋ RG,”, 岬 ＋ R nf,^T^ o (1)
Whe r e T is te mperatu r e(K), e is the su rfac e errlissivity, T is the atm o sphe ric
tra ns mis sibilily, the s ubsc ript)しde n ote sthe w a v eband, 0 de n otethe vie w angle, s de n otes
the la nd s u rfa ce ･ T he s e c orldin the right hand of Eq･ 1 is the path r adianc e ofthe
at mo sphe r e, w hile the thirdter mis the c o ntributio n ofthe s u rfa c e r e凸ected dow n w ard
atm o sphe ric r adia n c e･ Bothterm sc a nbe simplified ba s ed o n min or a s s u mptio n(Sobrin o et
al
, 199 6):
R
qJm , 岬
二(1 - TÅ&)BÅ(Td) (2)
R
,4 ,i = (1
- g
入0)(1 1 T^,,,)B入(Ta) (3)
Wher eT
8
is the m e an te mpe r atu r e ofthe at m o sphe r e. Fo rNadir a nd Fo r w ard ofA rSR
ba nds■I R3(10･8LLm)良 IR 4(12pm), and as su ming the tranヲmis sibility at53
o
is equ al-to
that of fo r w a rdvie w
,
fo tlrequ atio n s c a nbe W ritte n a sfollo w lng:
B(T1.”)≡ Elln B(Ts)Tlln ＋(1 - Tlln)B(Tq,1 .”)＋(1 - cllH)(1 - Tl.I)TllnB(Tn,l ln)
B(TllF)= Cll/B(Ts 九1I ＋(1 - T1.I)B(Ta,l lf)＋(1 - El .I)(1 - Tl lF>llFB(To,l lF)
B(T12p)= 81 2nB(T5九2n ＋(1 - T1 2n)B(To,1 2n)＋(1 - E1 2n)(1 一 丁.2F沖1 2,.B(TD,1 ,”)
B(T12I)= i.2fB(Ts沖12I ＋(1 - T12f)B(Ta,12f)＋(1 - E12f)(1 - T12F>12IB(Tq ,12f)
(4)
(5)
(6)
(7)
T he u nkno w n sinthe]e氏 side of Eq･ 4- 7, besidesthe r equired surfa c ete m per atu r eTs,the re
are four e's r elatedto the tw o w a v eba nds/tw o vie w a ngle s(ifthe atm o sphe ricparam eter s
c anbe evalu ated byobservatio n a ndtr arlSfer rrlOdels). We rrluStm ake a ss umption to r edu c e
the u nknow rlS ･ Li kege n er ally a c c epted, w e丘rst a s s um ethat E.1 = 812, andAe8 = en - ef.
Fo r e a sie r s o一utio n
,
the s epar atio n of Ts and E is n e c ess a ryin the abo v esim ulta n e o u s
equ atio ns･ Applyingthefir st o rderTaylo rseries expa n sion oftheP】a rik Fu n ctio nB(T), Eq.
4-7 c a nbe r e a rrangeda s afun ction oftemper atu re a nd emissivity(Sobrino, etal, 1996):
T
s
芸 T1.n 十 A,1(Tlln - TllJ) - B.,ll ＋(1 - 8n)Bl,l l - AcoB2,l l
T
s
- T12n ＋ A,2(T1 2n - T12/) - B(,,1 2 ＋(1 - cn)Bl,12 - ActP2,1 2
Where
A
l l
-(1 1 Tl l,.)/(Tll,. - Tl lf)
B
｡,1 .
- A
ll(l l Tl lf)(TG,l ln - Tu ,l lF)
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(8)
(9)
(10)
(ll)
B
l,l l
-
1
[(1 - 'rl lnTllI)/(T”n 一 丁llf)](Tlln - Tl lf)' TllfL,,1, (12)
B
2,ll
≡ T
llfAllBl,11 (1 3)
L
ll.
- B(Tlln)/[aB(T)/∂T]T”” 望 椛 n/c2 (1 4)
T her eis a si mi larsetofthe coefFICientsforband12pm ･
Equ atio n8 a nd 9a r e us edforthe co mputatio n of Ts and e. Ho w e v er, the tl nkno w n s(Ts , e,
and Ae)a restillm o r ethan the equatio LIS･ Furthe r estim ation ofe by other m ethod is still
ne eded.
T he ope r atio 血 OfModT hn
The M odtra n r adjatjv e tr ansfe r L71 0del w a s used to c alc ulate the atm o spheric
tr a n s mis sibility arLd r adia n c esfo rlR 3(llLtm)arld 王R4(12urn)of E R Sll A TS良 at the
satellite altitude with the appropriate chan nel filte r fun ctions･ The m odel inputs,
pa rtic ularlythe■temper atu r e andhumi ditypr ofile s, are m mi 1y &o mfieldm e a s u r c 皿 e ntS at
tw o c ontr asting statio n s, one in des ert, a n otherin the mi ddle of o asis･ T he pro丘Ie s町e a
c o mpo sition offollowlng s o u r c e s:
Su rfa c e-1000m :Tethered-b allo o nso u nding
lOOO12000m : I･o w Level So u nding
1000-1 4000m: Aer ologic alradio s o unding
15000m up: M id- LatitudeSum mer M odel
Totalv ertical w ater co nten tsofthe atm o spher e were calc ulatedto be l･992a nd 1.970
g/c m
2fo r o a sis a nd desert respectiv ely･ T he
`Dese rt e xtin ctio n' in the Modtran optionsis
cho s enfo raero solatte n u atio n.
T he m odelo utputs are s u rnm ariz ed in Table1.
Tablel･ M odel Outputsfo rthetim e whenE R S-1pa ssing(ll:3O, Angu st1 9,1 991)
11l▲m 12LAm
Oasis Desert Oasis Desert
Tra n smita n ce Nadir 0.8 632 0.8671 0.7678 0.772 8
Forw ard 0,787 4 0.7933 0.66 62 0.6735
PalhRadiation
W/cm2sr
Nadir 7.7 2 E-5 7.51 E-5 1.27 E-4 1.2 4 E-4
For w ard 1.2 0E-4 1.16E-4 1.86E-4 1.82 E-4
T he Estim atio n of La ndStLrfa c eEmjssjvity
T her e w er s om elabo r ato ry a nd field w orks o n surfa c e emis sivity e v alu ation, but n o
spe cific m e a s u r e m e ntsfo rthis du ring H EIF E, Vande G rielld a nd Ow e(1 993)proFK)Sed a
relatio n betw e en s u rfa c e emissivity a nd the s atellite sens ed v egetation inde x N D V I,
c ヒ 1･009＋0･047 h(N DVI)･ We ha v e u s ed itin the regio n al energybala n c e shldy wi1h
Lands atT Mco mbined with H EIFEs u rfa c e obs e r v atio n s(Wang et al, 1 995). Fo rthis study
a slightly m odirl edfo rm ulais u s ed,
c モ 1･009＋ 0･0471n(N D tq＋0 3) (15)
W hichs e ern sbetterpa rtic ula rlyfo rthedes e rt regio n･ Onthe c･thcrhand, Rubio et al(1 996)
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hav ein v estigatedlarge varieties of v egetatio n, s oiland r o cks, and po stulated a simpler
relatio nfor8-14トu n W a V eba nd:
8
A
王 a8
m
＋ b (16)
Whe r e e
,n
is the m e an effe ctive emissivityfo rthisba nd, a a nd bar e c o efBcients giv enin
Table 2for ll汁7n and 1 2LLm n a rr o wba nd･ ln this study, tw o area sin r ather ho m o-
gen e ou spa rt of both de s ert and o asisin H EIF Er egio nha v ebe en chos e n re spe ctiv ely, e a ch
haslOxl Opix elsI Following valu e sare calc ulated fro m(16)‥
Oa sis: ell=0･98 7 c12=0･987
De s ert: cll= 0･954 E12= 0･971
T he valu es at oasis ar esimila rwiththat&o m Eq･ 15; while forde sert,itis sho w nhe r ethat
ell≠Cl之･ We used a m ea n valu eofeu and e1,in the surfa c ete mperatu r e calc ulatio ns･
Table 2･ Me an valu es a ndthe c o eLrlCie ntsof Eq･16fo r emissivity cale ulalio nin 8-14LAm
w av eba ndsbyRubio et al(19 7)
VeBPtatio n Soil Ro cks
a B (J a b O A B O
11トI m 1.61 9
-0.608 ±0.00 6 0.240 0.74 2 a:0.00 4 0.231 0.737 ±d
.02
1 2卜m 1.467 -Q.4 58 ±0.00 9 0.047 0.93 2 ±0.005 0.078 0.8 98 ±0
,00 9
e
n 0.985±0.00 2 0.958土0.0 03 0.936土0.03
T hedeficien cie s ofthe A T S R for w ard vie w :(R dge Erre ct
〉
T he s u rfa c e re s olutio nfor♪汀S Rn adir view is1 km x1 km
,
w hile thatforfo r w ardvie wis
l･5 km x 2 kn･ Thelow e r r esolutio n ofthefor w ard view c a us es thelo w e r c o ntra st inthe
TEim ages co mpared withthat of Tn , which is cle a r erfor H EIFEar e ain thebo unda ry of･the
o a si ･ Be sides
,
m o r e un re alisticis thatifw e che ckthe(T{ T()im ages w efou nd abn o rm al
valu e s atboththe n orth edge and so uth edge ofthe o ases･ Atthe n orth edge, w he n s atellite
e nterso v erthe o a si fro m the de s ert
,(Tn - TJ <0･ T he valu es of T, w e r e ev e n5- 8 K lager
than T
n
at甲 m ePix els･ Oppositely, at the south edge, whe n salellitele a v e s o a sis a ndpa s es
o v er the Gobi de sert
,(Tn - Tf)>0, butabn o rm allyla rge(Figu r e2). T he rlO rm alvalu e s ar e:In
the `training a rea
'
of des ert
, げ｡ - Tf)声 0･7 K fo rllurn a nd 214 K for12ドm;In the training
ar e a of oasis
,(Tn - Tf) 芦 3･7 Kfo rllトI m and 4.0 K fo r12pm . As w e know that the
surface temper atu r e of de se rtis abo ut20K highertha noa sis.
r
rbe phe n om en o n m emion ed
above
,
called it `E dge effect
'
temporal1y' 1ookslike a kind of delay of respo ns ein the
ÅrS R forw ard vie w.
To pr ev entlarge err o rsinthe s u rface tempe r ature e stim ation by u sing of Eq･ 8 and9, w e
sho uldpay moreatte ntion at the plX els n e a rthe edge ofthe o asis･ So m e thr esholdv alue s
w er eset a c co rdingtofollo wing analysis:Ifw e a s s u m e
(Tn - Tf)- a - b Tn (17)
T hen &o m the training a r e as, w eha v e:
Oasis:
11汁m (Tq - Tf)= -211.7278＋0.7123 Tn
- 62-
12トtm (Tn - T,)= -241･6689＋0･8149 Tn
De s ert:
11pm(Tn = 310･8) (Tn- TJ= -341･1525＋1･1 Tn
12Ll m(Tn=314･0) (Tn- Tf)= 1984･ 949＋3･1 4 Tn
An iter atio nalgo rithm also u s edtoimprov ethe 8nale stim ates･
Rest)IIs a nd discu s siot)
The estim ated su rfa c etempe ratu re ofthe Heihe Riv erBa sin, with m ethod m entioned
abov e
,
is show nin Figure3, with a rele v a nthistogr a m show nin Figu re4･ T he res ultshave
be e nc o mpar ed with obs e rv ations and the previou s r es ults fro m Lands at T Manalysis, a s
show nin Table3.
Table 3･ Co mparison of Land Su rfa ce Te mper atures O bs erv ed and Calc uhted at fotlr
H EIFE Stations
SEaEz
'
o n Des e〟 ZhLZIZgye A W S O)3 AI帽0)5
O bse rv atio n O 8/1 9/1 991 44.8 33.4 45.2 47.0
Cal. Bv Using ÅTS R 45.0 34.0 50.0 4 9.0
O bservalio 皿 07/09/1991 44.8 22.8 17.9 4 6.5
Cat. By Using h nds atT M 4 6.5 1 7.0 16.0 43.7
Co nch diTIgRe marks
using do uble
-channel a nd do uble a nglelR m e as u rem ents c a nimpr o v ethe e v aluatio n of
s u rfa c ete mper atu r e, when c o mpa red withthe split
- window m ethod･ T hisis e ss e ntial for
land s u rfa c epr o c e s s e s study･ To u s eEq･ 8 a nd 9, a c o mb ination wi thoperation ofradiativ e
tr an sfe r m odel is n e c e s s ary. T he e valu ation ofsu rfa c e e mis sivity E(九,0)is mo stimpo rta nt
in this study. Itis ne c e s sa ryto co ntin u ethe m ulti
- cha n nel(stillin the ll-1 2汁m) m ulti-
vie w a ngle spa c e me asu r e m e nts･ Ifthe vie w a ngle canbe ad dt o3
- 5
,
the equ atio n sc a nbe
s olv ed an alytical ly･ Fo rpro c essing A rS Rdata, the deficie n cy inthe fo r w ard vie w w as
n otic ed.
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